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METHODS AND COMPOSITIONS FOR IKEATTNG VASCULAR STENOSIS 
Field of the hiventim] 

The invention relates generally to methods and compostiQns which can be employed to 
5 enhance rc-surfiacingofblood vessels and treat blood vessel ^osis. 

Background of Ac Inventinn 

Hcpatocyte growth fector (^GP) fimctioos as a gnn^ 
types. HGF was idaitified initially as a mitogai for hepalocytes [Michalopoulos et al.. Cancer Ret 44:4414- 
10 4419 (1984); Russel et al.. f, Ccll. PhYSiftl.. 112:183-192 (1984); Nakamura et al.. Biochem Binnhv^ R.^ 
CfimnL. J2: 1450-1459 (I984)J. Nakamura tt al^ aaaa reported the purification of HGF from the scnmi of 
partially hcpatectomized rats. Suhsequcndy, HGF was purified from rat platelets, and its subunit^nicturev^ 
detcnnined [Nakamura et al., Proc. Nat! A«,d. Sci TISA 42:6489-6493 (1986); Nakamura et al., FEBS 
LfittHS. 224311-316 (1987)]. The purification of human HGF ("huHGF") from human plasma was first 
1 5 described by Gohda et al., J. Clin. Inve'tf 51:4 14-4 19 (1988). 

Both rat HGF and huHGF have been molecularly cltoed, including the cloning and 
sequencing of a natorally occuntng variant lacking 5 amino acids designated "delta5 HGF* [Miyazawa « aL, 
Piwhgm. BiPPhYSt Comm . m-967.973 (1989); Nakamura et al.. Nature. 342:440^3 (1989); Seki et 
^ BiOThcm , B i ophYS . Res . ComTnun , 122:321-327 (1990); Tashiro et al.. Proc. Natl. Acad. Sci 
20 42:3200-3204 (1990); Okaiimaetal^ Eur. J. Biochem |y> -^7S-l«i (1990)]. 

The mature forai of huHGF. corresponding to the major form purified from human serum, 
is a disulfide linked hcierodimer derived by proteolytic cleavage of the human pro-hormone between amino 
aci(b R494 and V495. This cleavage process goicrates a molecule composed of an a-subunit of 440 amino 
acids (Mr 69 kDa) and a p-subunit of 234 amino acids (M^ 34 kDa). The nucleotide sequence of the huHGF 
cDNA reveals that both the a- and the p-chams are contained in a single open reading frame coding for a pre- 
FCToprecursOT protein. In the predicted primary sniictureofmanirehuHGF, an mterchainS-Slffidgete 
beiweai Cys 487 of the o-chain and Cys 604 in die P-chain [sec Nakamura et aL, Nanire. affica]. The N- 
terminus of the a-chain is preceded by 54 amino acids, starting with a mediionine group. This segment 
mcludcs a characteristic hydrophobic leader (signal) sequence of 3 1 residues and the prosequence. The o- 
30 chainstartsataminoacid(aa)55,andcontainsfourkringledomains. TTie kringle I domain extends frwn about 
aa 1 28 to about aa 206. the kringle 2 domain is between about ^ 2 1 1 and about aa 288, die kringic 3 domam 

b defined as extending from about aa 303 to abom aa 383. and the kringte 4 domain 
to about aa 464 of the o-chain. 

The definition of the various kringle domains is based on their hcHnology with kringle-like 
35 domains of otfta- proteins (such as prodirombin and plaaninogenX dimfore, the above limhs are <mly 
^^Hoximate. To date, die fimction of these kringlcs has not been determined. The P-chain of huHGF shows 
high homotogy to the catalytic donain of serine proteases P8% 

dcHnain). However, two of die dxree residues vfbkt form die catalytic triad of serine proteases are not 
consovcdinhuHGF. Tterfore, despite its serine protease^likc domain, hu^ 
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activity.imdthepieciserote fthe p^hainronainsi^^ 

which are located at positions 294 and 402 f the o-chain and at positions 566 and 653 of the p<hain. 

In a poitioo of cDNA isolated fim human leukocytes, in-fiame dele^ 
ohsenrad. Transiente3qHaaionofthecDNAsequenceinCOS.lceIhirvealedl^ 
5 (deltas HOniaclong 5 amino adds in the kringtel domain was lyiyfu^^ 

A naturally oecuiring huHGF variam has been identified which conespon^ 
spliced fim of the huHGF transcript comainhig the coding sequences for the N-tenn^ 
kiinglc domains of manire huHGF [Chan et aL. Sfiifflfifc 254:1382-1385 (1991); Miyaawa et aL. Eur. J 
fiifiShaiL. 122:15-22 (1991)]. This variant, designated HGF/NK2, has been proposed to be a competitive 
1 0 antagonist of mature huHGF. 

Comparisons of the amino add sequence of lat HGF with that of huHGF have revealed that 
thetwosequencesarehighlyconsenwiandhavethesamedMiacteristicsttuctHralfea^ TTie length of the 
four kringle domains in rat HGF is exactly the same as in huHGF. Furthermore, die cysteine residues are 
located in exactly the same positions, an indication of similar three-dimensional structures [Okajima et aL, 
1 5 sunra: Tashiro et al., supra] . 

HGF and HGF variants are described fintfaer in U.S. Patent Nos. 5.227.158. 5.316,921. aiid 

5328,837. 

The HGF receptor has been identified as die product of die cMet protOKNicogene [Bottaro 
ct al., Scifince. 251:802-804 (1991); Naldini et al., Qmflgfinfi. fi:501-504 (1991); WO 92/13097 published 
20 August 6. 1992: WO 93/15754 published August 19, 1993]. Tlie receptor is usually referred to as "c-MeT or 
^IjoMET. ^^^^ comprises, in its native fonn. a 190-kDa heterodimeric (a djsulfide-linked 50-kDa 
o-chain and a 145-kDa p-chain) membrane-spanning tyrosine kinase proton [Park rt aL, Proc.Nari Acad 
5fiiJ2SA.M:6379^383 (1987)]. Several truncated fbnns of the c-Met receptor have also been described [WO 
92/20792; Prat et aL. MflL£6lLBiflL 11:5954-5962 (1991)]. 

^''»'™'i»8«»iv>»y<>fHGFtoitsreeeptwisbelievedtobccOTveyedbyafi^ 
located in the N-terminal portion of the HGF molecule, induding the first two kringles [Matsumoto et aL, 
BiOChCTl . BiffrtlYS , Rw , r^Wlinil l ll 141:691-699 (1991); Hartmann et al.. Proc. Natl Ae«d sri ffp-i 1574. 
11578 (1992); Lokker et al.. EMBSLL 11:2503-2510 (1992); Lddcer and Godowski. J. Biol. 
268:17145-17150 (1991)]. The c-Met protein becomes phosphorylated on tyrosine residues of the 145-kDa 
30 P-subunit upon HGF bindmg. 

Various biok>gical activides have been described for HGF and its receptor (see. generally. 
Omh etaL. HcpgtPCTtc firrnvth FaciDr-Scattrr FaflnrmCT-CT> H,«r.M>t U trrptor- GoHh«p »nH 
eds.. Biikhauser Veriag-Basel (1993X PP. 67-79]. It has been observed that levels of HGF increase in the 
plasma of patients wid, hepatic (aihire [Gohda et d.. auBB] ami in the pl^ 
12:734-750 (1991)] or serum [Asami et aL, LMtS^IBH. 1112:8-13 (1991)] of animds with experimemdly 
induced liver damage, "n^ kinetics of this response are usudly rapid, and precedes die first round of DNA 
sydfaesis during liver regaendon. HGF has dso been shown to be a mitogen fir certdncdl types, indudmg 
melanocytes, rend tubdar cdls, keratinocyies. certdn endodielid cdls and cells of epithdid origin 
[Maaumotoetd.. Biochem. Bionhv«. Res r«mnnm l7frA<-<i (l991);Igawaetd- Btoehen. 
CsmraUU. 124:831-838 (1991); Han et aL. flifldlHlL. 311:9768-9780 (1991); Rubin etd.. Pitic.N«tl a«.h 
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SfiLUSA. i8:415^19 (1991)]. Both HGF and the c-Met piwooncogene have been postulated to play a rote 
in microglial teactitHis to CNS mjuiies [DiRenzo et aL. Oncogene. fi219-222 (1993)]. 

HGF can aboBtt as a 'scalier fectoT, an activi^ that pnmwtesftedissoci^ fepidielial 
and vascular endothelial cdh i» viro tStdor et aL, Matiat 32Z^ 

1112097-2108 (1990X Naldini etaL, Qffl£LLlfl-.28«7-2878 (1991); Gionbno et aL. Proc NatI A«.H 
USA. 211:649^53 (1993)]. Moreover. HGF has recently been described as an epithelial ntotphogen 
[Montesano et aL. CdL fi2:901.908 (1991)]. Herefore. HGF has been postulated to be important in tumor 
invasion [Comoglio. HcwtncVB! finrmh Factor-ScnnrrFHrmr fflr.F.SF^ «^ ,^ cmm n^^t^^ Goldberg 
and Rosen, eds.. BttUiauser Verbg-Basel (1993). pp. 131-16S]. 

Vascular stenosis (and icstenosis) is a pathological condition which often resuhs from 
vascular trauma or damage to blood vessel walls. Vascular namna or damage is retatively common when a 
patient undergoes vascular surgery or odier dietqieutic techniques such as angioplasty. 

Summary of the Inventing 

The invention provides methods for Oeadng vascular stenosis comprising administering to 
amammalaneflfectiveamoamofHGF. The HGF alone may be administered to the mammal, or atenatively. 
may be admmisteted to the mammal in combination with other therapies and/or pharmacologic agents. 

The invention also provides articles of manuftcture and idts which contain HGF. 

Ahhou^ not being bound by any particular tfiewy. it is presently beloved that the HGF can 
beusedtoenhanceie-surfecingofdamagedbloodvessels. By using die HGF to re-surfiice the damaged vessel 
relatively rapidly, it is believed diat surrounding muscle cells will be unable to proliferate or fonn a stenosis 
at the site of the damage. 



30 



Detailed Descrintion of rii> faynnifni 
25 I. Definitioiw 

As used herein, tiie tarns "hepaiocyte growth fector" and 'HGF- refer to a growth fector 
typically having a strucbire witfi sbc domains (finger, Kringle 1. Kringle 2. Kiingle 3. Kringie 4 and serine 
protease domains). Fragments of HGF constittite HGF with fewer domains and variants of HGF may have 
some of the domains of HGF repeated; both are im:h>ded if they still retain their respective abiUty to bind a 
HGF receptor. TT» tenns "hepatocyte growth fector" and -HGF- include hepatocyte growth factor from 
humans ("huHCF") ami any non^mnan mammalian species, and in particular lat HGF. TTje terms as used 
herein inchide mature, pre, preino, and pro fonns. purified from a naniral source, chemi^ 
recombinamlyproduced. Human HGF is encoded by the cDNA sequence published by Miyazawaetal., 1989, 
aBl0.orNakamuiaetaL,1989,aaaa. ■n«csequem» repotted by Miyaiawa etaL and NakamuraetaLdife^ 
•nMaminoadds. TT-itasonfe the diflfctences is «« entirely clear, polymoiphism or cl^ 
among die possibilities. Bodi sequences are specifically encompassed by the foregoing tenns. Itwillbe 
understood that natund alWic variations exist and can occiir among indh^ 

mmeamim)aciddiflFerencesinlbeamin »cid sequence of each mdividuaL TT« tenns -hepatocyte growth 
fector- and -HGF- specifically mchide the deltas huHGF as disclosed by SeU et aU 5HB^ 
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The terms "HGF receptor" and "c-Mct" when used hocin refer to a cclhito receptor for 
HGF. typfcaliy mchides an octracelhilar doma^ 

asweUasvaranlsandfiBgmaiistbereof^rtuc^ Thctenns"HGF«ceptOT-and 
•c-McT mchide the pdypepdde molecute ccmpM 
5 by the gene variously loiown as pl90'^. Tlieptesemdcfinitkm^)ecificallyenc(^^ 
HGF reccpiOT, and HGF recqte ficm natural sources, synti^^ 

inaniputakfflinchiding methods of recombinant DNAtj^ The HGF receptor variants or fragments 
preferably share at least about 65% sequence homology, and more preferably at leaa about 75% sequence 
homotegy widi any domain of the human c-Met anuno actd sequence publisted in Rodrigues a aL MoL Cell, 
10 BiaL 11:2962-2970 (1991); Park ct al.. Proc. Natl A^A M:6379^383 (1987); ox Ponzctio et aL, 
Qncfigaife fi:553-559 (1991). 

The term Vascular stenosis" is used in a broad sense and refers to a patholo^ 
which the cavity of a blood vessel is narrowed and w^ich usually results in a pathological condition 
characterized by impaired flow through the vessel. 

^ ^ The "treating," "treatment," and *^crapy" as used hmin refer to curative therapy, 

prophylactic therapy, and (veventative therapy. 

The term "mammal" as used herein refiOT to any mamnml ciassifial as a mammal, 
humans, cows, horses, dogs and cats. In a preferred embodimoit of the invention, die mamma] is a human. 

20 U. Compositions and Mrthnds of the Invgntirw 

The presoit invention provides m^ods for treating vascular straosis using hepatocyte 
growth factw, refierred to hereinafter as "HGF". The HGF usefiil in the practice of the i»esait invention can 
be iHepared in a number of ways. For instance, the HGF can be prepared using an isolated or purified form 
of HGF. Metfu)dsofbolating and purifying HGF from natural sounxs arc known in the ^ Such isolation 

25 and purification methods can be employed for obtainmg HGF from senmiOT Alternatively, HGF can 

be chemically synthesized and prepared using recombinant DNA techniques known in the art and described 
in further detail in the Example below. 

The HGF ni^ be from human or any non-human species. For instance, a mammal may have 
administered HGF from a difEerortnaammalian species (fi^ rats can be tre^ Preferably, 
hoWever, die manmial is tnated wiA homologous HGF (£^ humans are 

potential immune reactioie to the HGF. In the medK)ds. HGF is typically is administered to a mammal having 
vascular damage or trauma, or is believed to be at risk of developing vascuto it is 

contemplated that the methods of the invention will be particulariy usefril in combinatiim with dieiapeutic 
techniques such as angioplasty. 

The HGF b preferably a dmini^tfm d to immmiai in w phprmftm it irn n>^ arcTptnbic cnnicr. 
Suitablecarriersandtfaeirfarmulationsarede^ i^^^ t^n 

MackPoblishingCa,editcdbyOsloetaL TypicaUy, an appropriate auHwm of a itomaceutical^^ 
sahisieedinthefonnulatiOTtoTOdertfiefarnml^ Exan^>lesofthephaimaccutically-acceptaWe 
carrier inchide liquids such as saline, Ringei'ssohi^ Tlie pH of die sotation is 

prrfiaablyfromabom5toabom8,andmweprcfmblyfrOTiabout7to TTie finmulation may also 
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ccKDprise a lyofduUzBd powder. Further camera include wismntfri release 

matrices f solid hydrophobic polymers, which matrices are in the fonn f shaped articles, eg., films, 
Iqrasomesormicroparticles. It wiU be appaiem to those persons sidlled in the an that certain camm 
more prefaable depending upcm, fin' instance, the route of adminidration and conoenmtkxi of HGF being 
5 administeRd. 

The HGF can be administered to the mammal by injecticm (e.g. intravenous, intraarterial, 
intiaperiumeal, subcutaneous, imramuscularX or by odier methods ai^ 

die bloocfetream in an effective fiorm. Optionally, dw HGF inay be administered by muhiplenRites such as both 
imraarteriaily and intravenously. 

10 Effective ctosages and schedules fw administering the HGF m^ 

and making such deteinunations fa within the skill in die art. Those skilled in die art will understand diat the 
dosage of HGF dial must be administered will vary dqjcnding on, for example, die mammal which will receive 
die HGF, die route of admini^radon, die particular type of HGF used and odicr drugs being admrnistered to 
die mammal. A typical daily dosage of die HGF used alone might range from about 1 ^/g/kg to up to 100 

1 5 mg/kg of body weight or more per day, depending on die fectors mentioned above. 

HGF may also be administered alimg widi odier phaimacotogic agents used to treat vascular 
ccHididtms. llteHGFmaybeadmmistcralsequaitiallyorccmcuntndy widioneormoreodier]rim^ 
agents. The amounts ofHGF and pharmacologic agortdepoid, for example, on what type of drugs are 
the disease being treated, and the scheduling and routes of administration. 

20 Following administration of HGF to the mammal, die mammal's physiological condition can 

be monitored in various ways well known to the skilled practitioner. 

In anodier embodiment of die invention, there are provided articles of manufacture and lots 
containing materiak useful fOTtreating vascular stenosis. The article of manufacture comprees a omtaincr widi 
alabeL Suitable containers inchide, for example, bottfes, vials, and test tubes. The containos may be formed 

25 from a variety of materials such as glass or plastic The container holds a composition whidi is effective for 
treating vascular stenosis. TTie active agent in die composition is HGF. TTie label on die container indicates 
diattiic composition is used for treating vascular stenosis, and may also indicate directi^ 
as those described above. 

The kit of die mvention comprises die container described above and a second container 
30 comprising a buflFor. It inay further inchide odier materials desirable from a commercial an^ 
hwhiding omer bufRsrs, dihients, filters, needles, syringes, and package 

The inventkmwiU be more fiiDy understood by reference to die foUowing examples. They 
should not, howcvCT, be construed as limiting die scope of die invaition. AU reference citations herem are 
incorporated by refisrence. 
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Example 

Recombinant human HGF CttuHOF^ was produced m CHO cells usmg a procedure 
modified from Naka ct aL. J. Biol Chgm , ;;fi7ont i^-ynt lo (iQtf>) rimHGF-lrattsfectedcdb were grown 
in a 400 Lbioreactor in inedium containing 2H fetal bovine serum for 8 days. Cuhure st^ematant amtaming 
40 rhuHGF was concentrated and clarified, diencanditi(med by die addititm of ^ rhuHGFwas 
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then purified ma single step using cation exdangedmmu^ Conditioned, coneeotrated cuteire 

supen«tta« was loaded onloacotanm of S-Sephan)se Fast Fkwequil^ 

NaCL Atowashingomunbo«ndpn«ein,ilfflHGFwaseJutedinaline^ 

0JMNaato20nA!lH3.pH7J.UMNaCL riiuHCT<ootaininglh«^ 

PAGEanalysis. The SSephamseF«t now pool was concentwed and exchanged into 20 mM 

O^MNaaiq,gdfiltndionooSeptaKlexG25to.finalconcen,n«ionof^ ArimHGF stock' 

sol»t«« was then p«paml by dih«ingthertmHGFmtaflfa(0^. bovine^ 
0.01% lliimersol in PBS). 

To test the efficacy of itoHGF to aocdoate endothelial ceU re-surt^ 
surf«s^v«o.anesd«.i2edn«swe«subjectedtoarterialhallo^ A 2mm x 2mn. angioplasty balloon 
was mserted antegrade into theabdominalaonaoftheanimabthnmghaienalamay ate 
blanches. TTi« inflations were made at 2 atm«0 seconds followed by pullback at 0.5 am,. TKedenuded 
segmem was then isolated between snares andO^ml of rhuHGFsohtfionOmgteOwas instill^ 
nA")andincubatedfor30mim«es. In six additional animals. rhuHCF was fimher administered at 03 mg/day 
15 inlravenously(-I\r)for5days. Control animals i««ived vehicle instillation (OJM saline. 20m^ 

Reanesthetized animals were injected at 1 week with Evans Blue, and the harvested aotias 
were analyzed morphometrically for endothelial cell regrowth expressed as % coverage ami length of the 
denuded area. The results are shown below in Table I. 
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TABLE 1 





Number of 
Animab 


%SQrfoce 
Covaned 


Loigth of Denuded Segment 
(cm) 


Control 


9 


30+/- 15 


1.7 +A0^ 


rfaDHGF(IA) 


12 


46+/- 17* 




rhoHGF 
(U&IV) 


6 


67+/-18** 


1.3+/- 0.07 



25 



•p<0.04 
vs. oootrol 



|H).03 vs. oonml 



•p<0.001 vs. OHaiDl 



30 



TTiedatashowedtimtheHGFaihancedaorticre^ R«urfi«:ing was markedly enhanced 

when multiple doses of the HGF were administered inirEvenously following the initial immarterial 
adminisiration of HGF. 
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What is claimed is: 

1. A method of treating vascular stenosis in a mammal, com|aising administering an efifective 
amount fhepatocyte growth &ctor(*HGF*) to th mammal 

Z Hie method of claim 1 wherein said HGF is human HGF. 
5 3. The m^iod of claim 1 herein said HGF is administered intraaitcrially. 

4. The method of claim 3 wherein said HGF is further administered intravenously. 

5. An article of mamifarture^ cornicing: 
a container; 

a label on said container; and 
10 a composition contained within said container, 

wherein tfie composition is effective for treating vascular stenosis, the label on said container 
indicates that the composition can be used for treating vascular stenosis, and the active agent in said 
composition comprises HGF. 

6. The article of m a nu facture of claim 5 further OHninising instnictions for administering the HGF 
15 to a mammal. 

7. A kit, comprising: 

a first container, a label on said container, and 
a composition contained widiin said container, 

wherein the condition is effective for treating vascular stenosis, the label on said container 
20 indicates diat the composition can be used for treating vascular stenosis, and the active agent in said 
competition comprises HGF; 

a second container comprising a friiannaceutically-acceptable buffer, and 
instnictions for using the HGF to treat vascular denosis. 
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